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Express Mail Label No. EL 977713121 US 

[0001] SYNCHRONIZING PCM AND PSEUDORANDOM CLOCKS 

[0002] CROSS REFERENCE TO RELATED APPLICATION(S) 

[0003] This application is a continuation of U.S. Patent Application Serial No. 

09/415,322, filed October 8, 1999, which is incorporated by reference as if fully set 

forth. 

[0004] BACKGROUND OF THE INVENTION 

[0005] FIELD OF THE INVENTION 

[0006] This invention relates to the field of communication systems. In 

particular, the present invention relates to the providing synchronized clock signals for 
a plurality of remote devices within a synchronized CDMA communication system. 

[0007] PRIOR ART 

[0008] When transmitting information signals between a base station and a 

plurality of remote network terminals (RNTs) within a synchronous CDMA 
communication system, the clock signals of the RNTs and the base station of the 
communication system must be synchronized with each other in order to accurately 
communicate the information signals. For example, within a synchronous CDMA 
communication system, whereby each RNT has a 4.096 MHz PCM clock, it is 
advantageous to synchronize the PCM clock with the very stable pseudorandom 
number (PN) clock of the base station. 

[0009] The RNT typically recovers the PN clock signal from a PN signal received 

with the global pilot signal transmitted by the base station. The RNT may use the 
recovered PN clock signal as a reference signal to provide synchronization for the PCM 
clock within the RNT. For example, the recovered PN clock signal may be divided by 
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the processing gain of the system to provide a sixty-four (64) kHz reference signal. The 
64 kHz reference signal may then be multiplied by 64 in order to provide the 
synchronized 4.096 MHz PCM clock required by the RNT for clocking its circuitry. 
[0010] However, this approach requires a significant amount of extra circuitry 
within the RNT in order to recover the clock signal for use by the RNT and perform the 
required operations upon the recovered clock signal Furthermore, this approach 
requires frequency multiplication operations to provide the desired frequencies. Since 
these frequency multiplication operations cause any noise present in the multiplied 
signal to be multiplied along with the frequency of the signal, the clock signal provided 
by this approach could include a substantial amount of jitter. Furthermore, if constant 
phase adjustments of the reference clock are required to compensate for frequency 
wandering of the reference clock, further jitter may be introduced into the reference 
clock signal. 

[00 1 1] Accordingly, it would be desirable to provide a clock signal within an RNT 

of a communication system that is synchronized to the PN clock of the base station 
whereby the synchronized clock signal provided in this manner has low jitter and does 
not require substantial additional circuitry. 

[0012] SUMMARY OF THE INVENTION 

[0013] In a CDMA communication system having a received PN clock signal, a 

method is disclosed for providing a synchronized system clock signal having reduced 
jitter wherein the synchronized system clock signal is synchronized with the received 
PN clock signal. The method includes providing a stable high frequency reference 
signal and dividing the high frequency reference signal to provide a system clock signal 
having a plurality of system clock phases. The method also includes adjustably 
selecting a system clock phase of the plurality of system clock phases in accordance 
with the received PN signal to provide the synchronized system clock signal. The 
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received PN clock signal is recovered by providing PN phase adjustments of the 
received PN clock signal. A tracking control signal is provided in accordance with the 
PN phase adjustments and the system clock phase is adjustably selected in accordance 
with the tracking control signal. The high frequency reference signal can be multiplied 
prior to the dividing. 

[0014] BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Fig. 1 shows a clock generation system for providing reference clock 

signals within a base station or an RNT of a mobile CDMA communication system in 
accordance with the method of the present invention; 

[0016] Fig. 2 shows an alternative embodiment of the clock generation system of 

Fig. 1 for providing reference clock signals within a base station or an RNT of a mobile 
CDMA communication system in accordance with the method of the present invention; 
and 

[0017] Fig. 3 shows a second alternative embodiment of the clock generation 

system of Fig. 1 for providing reference clock signals within a base station or an RNT of 
a mobile communication system in accordance with the method of the present 
invention. 

[0018] DETAILED DESCRIPTION OF THE INVENTION 

[0019] The present invention will be explained with reference to the drawing 

figures where like numerals represent like elements throughout. 
[0020] Referring now to Fig. 1, there is shown a clock generation system 10. The 

clock generation system 10 provides clock signals for use within a base station or an 
RNT of a mobile CDMA communication system. Within the clock generation system 
10, a temperature compensated crystal oscillator 24 generates a stable reference clock 
signal on system clock line 26. The reference clock of the temperature compensated 
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crystal oscillator 24 should be a very stable signal. In one preferred embodiment of the 
clock generation system 10, the temperature compensated crystal oscillator (TCXO) 24 
provides a 13.312 MHz clock signal. 

[0021] The reference clock of system clock line 26 is applied to the phase-locked 

loop 28. The frequency synthesis performed by the phase-locked loop 28 provides an 
output signal having a frequency sixteen (16) times the frequency of the reference clock 
of the system clock line 26. This provides high resolution for permitting adjustment of 
the decoding within the RNT to the correct received phase when synchronizing the 
RNT with the base station. The phase-locked loop 28 may include a phase comparator 
and a digital oscillator. Additionally, the phase-locked loop 28 may have loop filter 38. 
The loop filter 38 smooths out the error signal from the phase comparator. This 
filtered error signal causes a more stable output from the oscillator. 
[0022] The synthesized output signal of the phase-locked loop 28 is provided on a 

voltage controlled oscillator (VCO) clock line 14. The clock signal of the VCO clock line 
14 is fed back to a second input of the phase-locked loop 28 by way of a programmable 
feedback block 20 in order to permit programmable adjustment of the output frequency 
of the phase-locked loop 28. In the programmable feedback block 20, the signal of VCO 
clock line 14 is divided by a factor of K prior to application of the input to the phase- 
locked loop 28, (where K is a programmable integer value). 

[0023] The clock signal of the VCO clock line 14 is also applied to an incremental 

phase modulator 34. The incremental phase modulator 34 divides the VCO clock 
signal by a factor of 2PM and provides the main clock signal output 36 of the clock 
generation system 10. Within the incremental phase modulator 34, a total of 2M 
different phases of the chip clock signal are available when the division of the clock 
signal of the VCO clock line 14 is performed in this manner. For example, in a 
preferred embodiment, the value of PM may be twelve (12) or sixteen (16). The main 
clock signal, (or chip clock signal), appears on the main clock signal output line 36 
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which is used to clock the analog- to-digital (A/D) converters (not shown) of the circuitry 
within the RNT. 

[0024] Within the clock generation system 10, a digital signal processor (DSP) is 

provided in a conventional manner. A DSP is a specialized microprocessor which 
typically contains high-speed mathematical circuits, such as multipliers and adders. 
These circuits are useful for the processing of digital signals such as voice, music or 
modem waveforms. In accordance with the present invention, the DSP performs a 
number of operations including the PN code tracking required within the CDMA 
communication system. The PN code tracking operations include adjusting the phase 
of a recovered PN clock whenever it leads or lags by more than a predetermined 
amount. These PN phase adjustments are used in synchronizing the clock signals of 
the clock generator system 10. For example, information concerning PN phase 
adjustments made by the DSP can be used to select the phase of the chip clock on the 
main clock signal output line 36. These phase adjustments are performed by providing 
a tracking control signal from the DSP that is representative of the phase adjustments 
of the PN clock. The tracking control signal provided in this manner can then be used 
to adjust the value of PM within the incremental phase modulator 34. This permits 
advancing or retarding the clock of the main clock signal output line 36 according to 
the phase adjustments of the recovered PN clock, and substantially reduces the jitter of 
the clock signal of the main clock signal output line 36. 

[0025] The tracking control signal is obtained from a received global pilot signal 

and applied to the incremental phase modulator 34 by way of the DSP clock control 
line 32. The signal on the DSP clock control line 32 can indicate selection of + or - a 
phase of the available phases within the incremental phase modulator 34. These phase 
adjustments can be performed during the "wake up" periods of the RNT, as would be 
understood by those of skill in the art. 
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[0026] The signal of the main clock signal output line 36 is applied to a division 
block 42 in order to provide a further reference clock signal on the clock output line 46. 
The clock signal on the clock output line 46 is determined by dividing the signal of 
main clock signal output line 36 by a factor of L. 

[0027] In accordance with the present invention, the clock signal of the VCO 

clock line 14 is also used to generate the 4.096 MHz PCM clock of the RNT. In order to 
provide the PCM signal, the VCO clock line 14 is applied to a clock divider circuit 18 
which performs the division required to provide the 4.096 MHz PCM clock signal on 
the clock output line 22. For example, the PCM clock signal of the VCO clock line 14 
can be divided by a factor of 2F within the clock divider circuit 18, where F may have a 
value of 24.375. The signal of clock output line 22 is then used by an IOM-2 bus. The 
IOM-2 bus is a standardized telecom bus which provides a common interface to permit 
different devices of different companies to work together. 

[0028] In the preferred embodiment of the present invention, the generation of 

the 4.096 MHz clock signal by the clock divider circuit 18 is a two-step process. In the 
first step, an intermediate clock signal having twice the required rate is provided. In 
the second step, the intermediate clock signal is divided in half. This is done to achieve 
a near 50% duty-cycle. The division performed by the clock divider circuit 18 can be a 
non-integer division performed using two different end counts in a division counter. 
Furthermore, the division can provide a plurality of phases as previously described 
with respect to the plurality of phases provided within the incremental phase 
modulator 34. Thus, in order to synchronize the 4.096 MHz signal to the PN clock, the 
divider circuit 18 is also controlled by the tracking control signal provided by the DSP 
by way of the DSP clock control line 32. The tracking control signal adjustably selects 
the available phases within the clock division circuit 18. 

[0029] A further clock signal can be output by the clock generation system 10 via 

a clock divider circuit 12. The clock divider circuit 12 receives the clock signal of the 
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VCO clock line 14 and divides it by a factor of N, where N can be an integer or a non- 
integer value. For example, N has a value of twenty-six (26) in order to provide a signal 
on clock output line 16 having a frequency of 7.68 MHz. The division within the clock 
division circuit 12 can also be performed as a two-step process and can provide a 
plurality of selectable phases. Thus, the DSP can adjustably select the output phase of 
the clock divider circuit 12 by way of the DSP clock control line 32. The signal output 
on clock output line 16 can be applied to ISDN chips within the RNT. Accordingly, if 
the ISDN chips require a synchronized 7.68 MHz clock-signal, this output will provide 
that signal. This permits the RNT to support ISDN equipment that the end user may 
connect to the RNT. 

[0030] In the preferred embodiment of the invention, all of the elements of the 

clock generation system 10 described above are formed on an ASIC except the TCXO 24 
and the loop filter 38. In this embodiment of the invention, each of the above clock 
signals required by the RNT is generated within the ASIC based upon the reference 
clock of the system clock line 26. Each of the clock signals generated in this manner is 
then provided by the ASIC for use by the circuitry of the RNT. 

[0031] The values of the parameters described above with respect to the clock 

generation system 10 are set forth for selected bandwidths in Table I. The values set 
forth for the fifteen MHz bandwidth within Table I are provided as reference values. 
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Band- 
width 
(MHz) 


PN_ck 
(MHz) 


Vco_ck 
(MHz) 


Tcxo_ck 
(MHz) 


P 


M 


K 


L 

(processing 
gain to 64k) 


F 


N 


20 


16.64 


199.68 


13.312 


1 


6 


15 


260 


24.375 


26 


15 


12.48 


199.68 


13.312 


1 


8 


15 


195 


24.375 


26 


14 


11.648 


186.368 


13.312 


1 


8 


14 


182 


22.75 


~24.267 


10.5 


8.512 


204.277 


17.024 


2 


6 


12 


133 


24.9375 


"26.6 


10 


8.32 


199.68 


13.312 


2 


6 


15 


130 


24.375 


26 


7 


5.824 


186.368 


13.312 


2 


8 


14 


91 


22.75 


~24.267 


5 


4.16 


199.68 


13.312 


3 


8 


15 


65 


24.375 


26 


3.5 


2.88 


184.32 


15.36 


4 


8 


12 


45 


22.5 


24 



[0032] Referring now to Fig. 2, there is shown an alternative embodiment of the 

present invention. This alternative embodiment of the clock generation system 80 is 
suitable for use within a base station or an RNT of a mobile communication system. In 
this preferred embodiment, all of the elements of clock generation system 80 are 
formed on an ASIC except the TCXO 94, the loop filter 110, the phase-locked loop 118, 
and the feedback block 122 of phase-locked loop 118. Components 94, 110, 118, and 122 
of clock generation system 80 can be provided as discrete components external to the 
ASIC. 

[0033] The external components 118, 122 receive a 64kHz reference signal from 

the ASIC provided in accordance with the phase selection method of the present 
invention. The 64kHz reference signal provided in this manner by the internal 
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components of the ASIC is used by the external components 118, 122 to produce the 
required 4.096 MHz clock signal in a conventional manner. 

[0034] The clock generation system 80 also includes a TXCO 94 which applies a 

stable reference clock signal to the phase-locked loop 98. Preferably, the reference clock 
signal from the TXCO 94 is a 24.96 MHz system clock signal. The phase-locked loop 98 
can be a digital phase-locked loop having a loop filter 110. A frequency synthesis is 
performed within the phase-locked loop 98, in a manner well known to those skilled in 
the art, to provide a signal having a frequency that is a multiple of the reference signal 
of the TXCO 94, such as 199.68 MHz. 

[0035] . The synthesized output signal of the phase-locked loop 98 is a clock signal 
that is provided on the VCO clock line 86. This VCO clock signal 86 is fed back to an 
input of the phase-locked loop 98 by way of a programmable feedback block 90 to 
control the output frequency of phase-locked loop 98. Within the feedback block 90 the 
signal of the VCO clock line 86 is divided by a factor of PM prior to application to the 
input of the phase-locked loop 98. 

[0036] The clock signal of the VCO clock line 86 is also applied to an incremental 

phase modulator 106 which divides the clock signal by a factor of 2PM to provide a 
plurality of phases of a chip rate clock signal. A selected phase of the plurality of 
phases of the chip rate clock signal is available on the clock line 108. The frequency of 
the chip rate clock signal of clock line 108 is one-half the frequency of the reference 
clock signal provided by the TXCO 94. 

[0037] Generation of the VCO clock signal of the clock line 188 is performed in 

this manner under the control of the DSP by way of a DSP clock control line 102. This 
permits the adjustable selection of one of the phases available within the incremental 
phase modulator 106. The incremental phase modulator 106 applies the selected chip 
rate clock signal to other components of the RNT, such as A/D converters, (not shown), 
by way of the clock output line 108. 
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[0038] The clock signal of the clock output line 108 is also used to generate a 

4.096 MHz signal on the clock line 126. In order to generate the 4.096 MHz signal, the 
clock output line 108 is applied to a division block, such as division block 114, whereby 
the clock signal is divided by a factor of L, (where L is the processing gain). The divided 
clock signal of the division block 114 determined in this manner is applied to an input 
of the phase-locked loop 98 in order to provide a reference for the phase-locked loop 98. 
[0039] The signal of the clock output line 126 is fed back to the remaining input 

of the phase-locked loop 118 by way of a feedback block 122. In the feedback block 122, 
the signal of output clock line 126 is divided by a factor of sixty-four (64). The 4.096 
MHz signal of clock output line 126 may be applied to an IOM-2 bus. 
[0040] Additionally, a clock signal is output by the clock generation system 80 
via a clock divider circuit 84. The clock divider circuit 84 receives the signal from clock 
line 86 and provides a 7.68 MHz clock signal on the clock output line 92. The signal of 
the clock output line 92 is formed by dividing the frequency of the clock signal of clock 
line 86 by a factor of N under the control of the DSP by way of the DSP clock control 
line 102. The division by N can be performed as a two-step process as previously 
described. The signal of clock output line 92 is then applied to ISDN chips within the 
RNT. 

[0041] Thus, in alternate embodiments of the present invention, the 4.096 MHz 

PCM clock signal can be generated either internally within the ASIC or by applying a 
64 kHz clock signal provided by the ASIC to the phase-locked loop 118 external to the 
ASIC. In either case, the resulting 4.096 MHz clock is synchronized with the PN clock 
using a tracking control signal and is provided with low jitter. While it is believed that 
it is generally preferable to produce the 4.096 MHz clock internal to the ASIC, as set 
forth in the clock generator system 10, the results provided by the external phase- 
locked loop method of clock generator system 80 are acceptable. 
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[0042] The jitter produced by using the PN tracking control code to adjustably 

select the phase of incremental phase modulator 106 within clock generation system 80 
are set forth for selected bandwidths in Table II. 



Table II 



Band- 
width 
(MHz) 


Vco_ck 
(MHz) 


8.192 MHz 
nominal divide 
factor 


Adjustment (+/-P 
periods of VCO 
clock) 


Peak jitter due to IPM 
tracking (ns) = (2P-1) 
TVCO 


20 


199.68 


24.375 


+/-1 


TVCO = 5.0 


15 


199.68 


24.375 


+/-1 


TVCO = 5.0 


14 


186.368 


22.75 


+/-1 


TVCO = 5.3 


10.5 


204.277 


24.9375 


+/-2 


3*T VCO =14.7 


10 


199.68 


24.375 


+/-2 


3*TVCO = 15.0 


7 


186.368 


22.75 


+1-2 


3*T VCO = 16.0 


5 


199.68 


24.375 


+/-3 


5*T VCO = 25.0 


3.5 


184.32 


22.5 


+/-4 


7*T VCO = 38.0 



[0043] Referring now to Fig. 3, there is shown a second alternative embodiment 

of the clock generator system 150 of the present invention. In this embodiment, the 
clock generator system 150 accepts an input PCM clock signal by way of input clock 
line 154 via a VCO 156. The PCM clock signal is also fed to a PCM highway by way of 
the input clock line 154. The VCO 156 multiplies the input PCM clock signal and 
applies the resulting system reference clock signal to the phase-locked loop 170 by way 
of a system clock line 174. The input PCM clock signal preferably has a frequency of 
2.048 MHz and the VCO 156 multiplies the frequency of the input PCM clock signal to 
24.96 MHz. The 24.96 MHz signal at the output of the VCO 156 is twice the PN rate of 
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the RNT. If desired, the phase-locked loop 170 can also be provided with a loop filter 
178. 

[0044] The phase-locked loop 170 receives the output signal of the VCO 156 and 
performs a frequency synthesis in a manner well known to those skilled in the art. The 
output signal of the phase-locked loop 170 is fed back to a second input of the phase- 
locked loop 170 by way of the VCO clock line 166 and a feedback block 158. In the 
feedback block 158, the output signal of the phase-locked loop 170 is divided by a factor 
of PM. The output of feedback block 158 is applied to the input of the phase-locked 
loop 170 by way of the feedback line 160. P can have a value of one (1) and M can have 
a value of eight (8) in one embodiment of the present invention. 
[0045] The output signal of the phase-locked loop 170 is applied to an 

incremental phase modulator 186 which divides the signal received from the phase- 
locked loop 170 by a factor of 2PM and provides a plurality of selectable phases of the 
divided signal as previously described with respect to the incremental phase 
modulators 34, 106 of the aforementioned embodiments. Thus, the output phase of the 
incremental phase modulator 186 is adjustable under the control of the DSP by way of 
the DSP clock control line 184 as also previously described. The divided output signal 
of the incremental phase modulator 186 is applied by way of the output line 190 to 
clock other components within the RNT, such as A/D converters (not shown). 
[0046] Additionally, a clock signal is provided by the clock divider circuit 182, 

which receives the signal of the system clock line 174 and provides a PN clock signal on 
the clock output line 188. The clock signal of the clock output line 188 is formed by 
dividing the frequency of the clock signal of the clock line 174 by a certain factor, such 
as a factor of two in a preferred embodiment of the invention. It will be understood 
that the phases of the clock signal of the clock output line 188 are not adjustably 
selected in accordance with this embodiment of the present invention. 
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[0047] In this embodiment of the invention all of the components of the clock 

generation system 150 are formed on an ASIC with the exception of the VCO 156 and 
the loop filter 178. These components 156, 178 may be provided as discrete 
components external to the ASIC. 

[0048] It should be understood by those skilled in the art that two general 

sources of jitter affect the 4.096 MHz clock of the clock generation system 10. One 
source of jitter is the non-integer division of clock divider block 18. This jitter TVCO, is 
caused by the use of a counter with two different end counts as required for non-integer 
division for most frequencies. For example, in order to obtain a value of F=24.375, end 
counts of twenty-four (24) and twenty-five (25) must be used. This source of jitter can 
result in a nominal jitter equal to the period of the counter clock, which is 
approximately five nanoseconds. 

[0049] The other source of the jitter of the 4.096 MHz clock is the tracking of the 

PN phase according to the tracking control signal of the DSP clock control line 32. This 
jitter is additive with the jitter due to non-integer division of the clock divider block 18. 
As previously described, both the clock division circuit 12 and the clock division circuit 
18 produce clock signals that are locked to the PN clock when they are incrementally 
phase modulated. Additionally, in the two-step division process of both clock division 
circuits 12, 18, the high frequency clock signal of the input is divided by a nominal non- 
integer value as shown in Table II. A divide-by-two circuit is then used to generate a 
fifty percent (50%) duty cycle clock. The tracking control signal of clock control line 32 
is used to determine whether the nominal divide values must be modified in order to 
maintain synchronization. In order to minimize jitter and glitches, the modification of 
the divide values is done in a synchronous manner. 

[0050] The peak jitter can be determined by adding or subtracting the 

adjustment factor of each of the divide sequences and calculating the variation of the 
clock pulse due to the extension or truncation caused by the adjustment. Since the 
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number of available phases of the PN clock is 2M, and the clock is generated by a 
1/2PM divider in the incremental phase modulator 34, the adjustment in the phase of 
the PN clock is +/-P*TVCO. Thus, when it is required, the counter of divider block 18 
does not stop at the nominal end count. Rather, it stops at the nominal end count plus 
or minus P. At the output of the divide-by-two counter of divider block 18 the jitter can 
be 2P periods of the VCO clock, even though the adjustment compensates for the jitter 
due to the non-integer division. This results in a maximum jitter of 2*P*TVCO. Thus 
the jitter added due to the tracking is at most (2P-l)TVCO. 

[0051] The jitter of the 4.096 MHz clock signal due to each of the two sources of 

jitter is set forth with respect to selected bandwidths in Table III. Additionally, the 
maximum jitter for each bandwidth is set forth in Table III. 



Table III 



Bandwidth (MHz) 


Nominal jitter due 
to non-integer 
division (ns) 


Peak jitter due to 
IPM tracking (ns) 


Max jitter on 4.096 
MHz clock signal 
(ns) 


20 


TVCO = 5.0 


(2P-1) TVCO = 5.0 


(2P) TVCO = 10.0 


15 


5.0 


5.0 


10.0 


14 


5.4 


5.3 


10.7 


10.5 


4.9 


14.7 


19.6 


10 


5.0 


15.0 


20.0 


7 


5.4 


16.0 


21.4 


5 


5.0 


25.0 


30.0 


3.5 


5.4 


38.0 


43.4 
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[0052] While specific embodiments of the present invention have been shown and 

described, many modifications and variations could be made by one skilled in the art 

without departing from the spirit and scope of the invention. The above description 

serves to illustrate and not limit the particular form in any way. 
* * * 
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